Introduction
============

Polycystic ovary syndrome (PCOS) is an endocrine disorder characterized by ovulatory dysfunction, hyperandrogenism and polycystic ovarian morphology; this disorder occurs in 5--20% of women of reproductive age worldwide ([@b1-mmr-19-03-1581]). PCOS is one of the leading causes of anovulatory infertility ([@b2-mmr-19-03-1581]) and is an important risk factor for type 2 diabetes mellitus ([@b3-mmr-19-03-1581]). However, at present, the pathogenesis of PCOS remains unclear. It is known that abnormal gonadotropin levels may cause anovulation and hyperandrogenism ([@b4-mmr-19-03-1581]). Alterations in ovarian folliculogenesis, which are common in PCOS, are induced by the imbalance between testosterone and follicle-stimulating hormone, caused by excessive production of luteinizing hormone ([@b5-mmr-19-03-1581]). In spite of efforts made regarding the prevention and treatment of PCOS, long-term outcomes remain generally unsatisfactory. Therefore, novel targets are required to improve the clinical treatment outcomes of PCOS.

PCOS is caused by elevated androgens and is characterized by altered cell proliferation, differentiation, steroidogenesis, follicle maturation and apoptosis ([@b6-mmr-19-03-1581]). Numerous intra- and extra-ovarian factors, including tumor necrosis factor α, vascular endothelial growth factor, epidermal growth factors and interleukins have been reported to be involved in the pathogenesis of PCOS ([@b6-mmr-19-03-1581]). Alongside mRNAs that encode protein products, the human genome transcribes a larger set of non-coding RNAs (ncRNAs) ([@b7-mmr-19-03-1581]). Long ncRNAs (lncRNAs) are a subgroup of ncRNAs composed of \>200 nucleotides, which serve critical roles in the pathogenesis of various human diseases ([@b8-mmr-19-03-1581]). It has been reported that the development of PCOS is accompanied by alterations in the expression levels of certain lncRNAs ([@b9-mmr-19-03-1581]), thus indicating the involvement of lncRNAs in this disease. LncRNA BANCR is a recently identified lncRNA that has pivotal roles in various malignancies, including endometrial cancer ([@b10-mmr-19-03-1581]) and melanoma ([@b11-mmr-19-03-1581]), mainly by promoting the proliferation of cancer cells through interactions with numerous pathways. Our preliminary experiments detected altered expression of BANCR in PCOS tissues compared with in healthy controls (data not shown). The present study aimed to examine the potential involvement of lncRNA BANCR in PCOS. It was demonstrated that lncRNA BANCR may participate in PCOS by promoting cell apoptosis through the upregulation of B-cell lymphoma (Bcl)-2-associated X protein (Bax).

Patients and methods
====================

### Subjects and granulosa cells (GCs)

The present study recruited 44 patients with PCOS; these patients were diagnosed and treated for the first time at The Second Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangdong Provincial Hospital of Chinese Medicine (Guangdong, China) between January 2016 and January 2017. The patients were aged between 22 and 39 years old, with a mean age of 31.2±3.4 years. GCs were collected from each patient. Briefly, GCs were separated from whole blood samples via centrifugation at 1,875 × g and room temperature for 10 min in tubes containing 80% Percoll; GCs formed a layer on the Percoll solution. GCs were also collected from non-PCOS patients (n=34; age range, 21--39; mean, 30.9±3.1) undergoing *in vitro* fertilization, which served as a control. GCs were cultured in Dulbecco\'s modified Eagle\'s medium (DMEM)/F12 (1:1; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (FBS, Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 3 days prior to experimentation. There was no significant difference in age between the patient and control groups. The present study was approved by the ethics committee of The Second Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangdong Provincial Hospital of Chinese Medicine. All patients provided written informed consent.

### Human granulosa-like tumor cell line (KGN) and transfection

The KGN human granulosa-like tumor cell line was recently established in our laboratory using tissue samples from a patient with invasive ovarian granulosa cell carcinoma, according to methods described by Nishi *et al* ([@b12-mmr-19-03-1581]). KGN cells were cultured in DMEM/F12 (1:1) containing 10% FBS. BANCR cDNA was amplified from cDNA derived from the total RNA of GCs using primers carrying the *Eco*RI restriction enzyme sites at the flanking ends. The *Eco*RI-*Eco*RI fragment containing BANCR cDNA was inserted into the GV299 lentiviral vector (Shanghai GeneChem Co., Ltd., Shanghai, China) to establish a BANCR expression vector. KGN cells were cultured overnight to reach 80--90% confluence and 10 nM vectors were transfected into cells. Empty vectors without BANCR cDNA were also transfected into KGN cells to serve as negative controls.

### Total RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

TRIzol^®^ Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract total RNA from GCs and KGN cells. To detect the effects of insulin on BANCR, GCs were first treated with insulin (5, 10 and 50 ng/ml; Sigma-Aldrich; Merck KGaA) for 24 h at 37°C in a 5% CO~2~ prior to RNA extraction. Total RNA was quantified using a NanoDrop^™^ 2000 Spectrophotometer (NanoDrop; Thermo Fisher Scientific, Inc., Wilmington, DE, USA), and RNA samples with an A260/A280 ratio of 1.8--2.0 were used to synthesize cDNA through RT using SuperScript III Reverse Transcriptase kit (Thermo Fisher Scientific, lnc.) according to manufacturer\'s instructions. PCR reaction systems were prepared using SYBR^®^ Green Quantitative RT-qPCR kit (Sigma-Aldrich; Merck KGaA). PCR reactions were performed on an ABI 7500 system (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA). Primers used in PCR reactions were as follows: BANCR forward, 5′-ACAGGACTCCATGGCAAACG-3′ and reverse 5′-ATGAAGAAAGCCTGGTGCAGT-3′; and β-actin forward, 5′-GACCTCTATGCCAACACAGT-3′ and reverse, 5′-AGTACTTGCGCTCAGGAGGA-3′. qPCR was carried out using the following thermocycling conditions: 95°C for 50 sec, followed by 40 cycles at 95°C for 12 sec and 60°C for 45 sec. All data were processed using the 2^−ΔΔCq^ method ([@b13-mmr-19-03-1581]). Relative expression levels of BANCR were normalized to the endogenous control β-actin.

### Cell proliferation assay

Cell Counting kit-8 (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) was performed to measure the proliferation of KGN cells with or without BANCR overexpression, according to the manufacturer\'s protocol. Briefly, 3,000 cells/100 µl were added to each well of a 96-well plate. Cells were cultured at 37°C in a 5% CO~2~ incubator, and 10 µl CCK-8 was added to each well after 24, 48, 72 and 96 h later. Cells were incubated with CCK-8 for 4 h at 37°C. Finally, an Epoch Microplate Spectrophotometer (BioTek Instruments, Inc., Winooski, VT, USA) was used to measure optical density values at 450 nm. Cell proliferation was normalized to control cells.

### Cell apoptosis assay

Cells were suspended in serum-free medium (6×10^4^ cells/ml) and were transferred to a 6-well plate (10 ml cell suspension/well). After cell culture for 48 h, cells were subjected to 0.25% trypsin digestion. Subsequently, cells were stained with Annexin V-fluorescein isothiocyanate (FITC; 1:50; Dojindo Molecular Technologies, Inc.) and propidium iodide (PI, 1:50). Flow cytometry was performed to detect apoptotic cells. Data were analyzed using BD FACSuite^™^ software version 1.0 (BD Biosciences, San Jose, CA, USA). Cell apoptotic rates were calculated based on the sum of % Annexin V-FITC^+^/PI- and % Annexin V-FITC^+^/PI^+^ cells.

### Western blotting

Radioimmunoprecipitation assay buffer (Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used to extract total proteins from KGN cells. Bicinchoninic acid assay was used to quantify protein samples. Subsequently, proteins (30 µg/lane) were separated by 10% SDS-PAGE and were transferred to polyvinylidene fluoride membranes, which were blocked with 5% skimmed milk at room temperature for 1 h. Tris-buffered saline-3% Tween-20 (TBST) was used to wash the membranes three times (5 min/wash), after which, membranes were incubated with the following primary antibodies: Rabbit anti-Bax antibody (1:2,000, cat. no. ab32503), anti-p53 (1:2,000, cat. no. ab31333) and anti-GAPDH (1:1,000, cat. no. ab9485; all Abcam, Cambridge, UK) overnight at 4°C. Subsequently, TBST was used to wash the membranes three times (5 min/wash), followed by incubation with an anti-rabbit immunoglobulin G-horseradish peroxidase secondary antibody (1:1,000; cat. no. MBS435036; MyBioSource, Inc., San Diego, CA, USA) at room temperature for 1 h. TBST was used to wash the membranes a further three times (5 min/wash). Enhanced chemiluminescence (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was then used to develop the signal. Relative expression levels were normalized to the endogenous control GAPDH using ImageJ version 1.47 (National Institutes of Health, Bethesda, MD, USA).

### Statistical analysis

SPSS 19.0 (IBM Corp., Armonk, NY, USA) was used to analyze results. Experiments were performed in triplicate. Data are expressed as the means ± standard deviation; comparisons among multiple groups were determined using one-way analysis of variance followed by the least significant difference post hoc test, whereas differences between two groups were analyzed by Student\'s t-test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of BANCR expression in GCs between patients with PCOS and controls

The mRNA expression levels of BANCR in GCs derived from patients with PCOS and healthy controls were detected by RT-qPCR. As shown in [Fig. 1](#f1-mmr-19-03-1581){ref-type="fig"}, the expression levels of BANCR were significantly higher in GCs from patients with PCOS than in controls. These data suggested that BANCR may be involved in the pathogenesis of PCOS.

### Effects of insulin treatment on BANCR expression in GCs and KGN cells

Insulin treatment was performed by adding various concentrations of insulin (5, 10 and 50 ng/ml; Sigma-Aldrich; Merck KGaA) into the culture media. As presented in [Fig. 2](#f2-mmr-19-03-1581){ref-type="fig"}, insulin treatment significantly upregulated the expression levels of BANCR in GCs ([Fig. 2A](#f2-mmr-19-03-1581){ref-type="fig"}) and KGN cells ([Fig. 2B](#f2-mmr-19-03-1581){ref-type="fig"}) in a dose-dependent manner.

### Effects of BANCR overexpression on proliferation and apoptosis of KGN cells

CCK-8 assay and MTT assay were performed to investigate the effects of BANCR overexpression on the proliferation and apoptosis of KGN cells. BANCR vector significantly increased BANCR expression, compared with the controls ([Fig. 3A](#f3-mmr-19-03-1581){ref-type="fig"}). As shown in [Fig. 3B](#f3-mmr-19-03-1581){ref-type="fig"}, compared with control cells and negative control cells, BANCR overexpression significantly inhibited the proliferation of KGN cells (P\<0.05). In addition, BANCR overexpression significantly promoted apoptosis of KGN cells ([Fig. 3C](#f3-mmr-19-03-1581){ref-type="fig"}; P\<0.05).

### Effects of BANCR overexpression on Bax and p53 expression in KGN cells

Bax and p53 expression in KGN cells with or without BANCR overexpression was detected by western blotting. As shown in [Fig. 4](#f4-mmr-19-03-1581){ref-type="fig"}, compared with in the control and negative control cells, BANCR overexpression significantly upregulated Bax ([Fig. 4A](#f4-mmr-19-03-1581){ref-type="fig"}) and p53 ([Fig. 4B](#f4-mmr-19-03-1581){ref-type="fig"}) expression in KGN cells (P\<0.05).

Discussion
==========

The present study reported a potential novel function of lncRNA BANCR, which has well-characterized functions in human malignancies. The results demonstrated that lncRNA BANCR may be upregulated by pathological insulin signaling, and it may promote the development of PCOS by promoting apoptosis and inhibiting proliferation of GCs by activating the Bax pro-apoptotic pathway.

It has previously been reported that the development of PCOS is associated with the abnormal expression of numerous genetic factors ([@b6-mmr-19-03-1581]). However, to the best of our knowledge, the involvement of lncRNAs in PCOS has not yet been well studied. In a recent study, Liu *et al* reported that the expression levels of lncRNA steroid receptor RNA activator RNA activator (SRA) in peripheral blood leukocytes is closely correlated with the development of PCOS ([@b14-mmr-19-03-1581]), whereas the function of lncRNA SRA and the mechanism of its action in PCOS are unknown. It has been well established that GCs have a key role in folliculogenesis, and are essential for the maintenance of a suitable microenvironment for the initiation of follicle growth, oocyte maturation and atresia ([@b15-mmr-19-03-1581]). In the present study, the expression levels of lncRNA BANCR were significantly upregulated in patients with PCOS compared with in controls, thus indicating that upregulation of BANCR may be involved in the pathogenesis of PCOS.

The majority of patients with PCOS will develop insulin resistance, causing cardiovascular disease, hyperinsulinemia and an increased risk for type 2 diabetes ([@b16-mmr-19-03-1581]). Insulin signaling is a key player in the regulation of hormone production in GCs, as well as regulation of ovarian function and GC proliferation ([@b17-mmr-19-03-1581],[@b18-mmr-19-03-1581]). In the present study, insulin treatment significantly promoted the expression of lncRNA BANCR in GCs and KGN cells in a dose-dependent manner. These data suggested that lncRNA BANCR may be involved in pathological insulin signaling to promote the progression of PCOS. Therefore, BANCR may serve as a target for the prevention of type 2 diabetes in patients with PCOS.

Unbalanced proliferation and apoptosis of GCs may lead to abnormal folliculogenesis ([@b19-mmr-19-03-1581],[@b20-mmr-19-03-1581]). The KGN cell line has been widely used to investigate cell growth and apoptosis of human GCs ([@b12-mmr-19-03-1581]). In the present study, BANCR overexpression significantly promoted apoptosis and inhibited proliferation of KGN cells, thus indicating that BANCR may participate in the pathogenesis of PCOS by stimulating apoptosis and inhibiting proliferation of GCs. Bax-mediated cell apoptosis serves a pivotal role in the development of various types of human disease ([@b21-mmr-19-03-1581],[@b22-mmr-19-03-1581]). A recent study also reported that expression levels of Bax are significantly upregulated in patients with PCOS compared with in healthy controls ([@b23-mmr-19-03-1581]). In this study, BANCR overexpression significantly upregulated the protein expression levels of Bax in KGN cells, indicating that the enhancing effects of BANCR overexpression on apoptosis of KGN cells may be achieved by upregulating Bax expression.

Notably, other apoptosis-associated proteins, including insulin-like growth factors (IGFs), IGF-binding proteins, Bcl-2 and Bcl-extra large were also detected in this study (data not shown); however, no significant alterations in the expression levels of these proteins were detected following BANCR overexpression. Our future studies aim to focus on other pathways involved in BANCR-mediated regulation of KGN cell apoptosis.

In conclusion, lncRNA BANCR expression was upregulated in GCs from patients with PCOS. In addition, insulin treatment significantly upregulated the expression of BANCR in GCs and KGN cells. BANCR overexpression significantly inhibited proliferation and promoted apoptosis of KGN cells, and upregulated the expression levels of pro-apoptotic Bax and p53 in KGN cells. These findings indicated that lncRNA BANCR may participate in PCOS by promoting cell apoptosis through the upregulation of Bax.
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